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The third order contribution becomes
In the Γ -function we now have the derivative of the l-dependent Hubbard parameter with respect to each l -shell charge, l and l being a shell on the same atom. To reduce the number of parameters one can make the Hubbard derivative only dependent on the atomic charge. That way the energy contribution is
where Γ lal b is given by
∂γ lala ∂U la ∂U la ∂q a .
Note that through the latter approximation the results for standard DFTB3 and l-dependent DFTB3 still are the same if the same l-dependent Hubbard and Hubbard derivative parameters for each atom type are used.
2 The γ and Γ Function at R ab = 0
While for standard DFTB3 at zero interatomic distance R ab = 0 the atomic electron-electron interaction in second order is defined by the Hubbard parameter. For different atoms with different Hubbard parameters and a hypothetical interatomic distance R ab = 0 an interpolation formula is given in the dissertation thesis of Joachim Elsner (Joachim Elsner, dissertation thesis 1998, Universität-Gesamthochschule Paderborn, Paderborn, Germany). This interpolation formula holds also for the l-dependent γ lal a -function and now becomes necessary in the implementation. Derivation with respect to the Hubbard gives (necessary for calculating
where l a = l a and τ la = 16 5 U la stands for the exponent of the spherical charge distribution (see derivation of γ e.g. in Joachim Elsner's thesis). Note if l a = l a then γ lala (r = 0, τ la , τ la ) = U la and the derivative becomes ∂γ lala (r=0,τ la ,τ la ) ∂U la = 1. 
Kohn-Sham Equations
where δ ad = 1 if a = d and δ ad = 0 otherwise, q a is the Mulliken charge of atom a and q la the Mulliken charge of the lth l-shell of atom a, and with δ ∈ d (δ is an orbital of atom d)
we get
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During the transformations we have taken advantage of the symmetry S µδ = S δµ and have renamed indices. Dividing by 2n i and again renaming indices the Kohn-Sham equations read
Total Energy
The total energy can be written as
or using the eigenvalues
to get (exploiting the symmetry of γ ab = γ ba and the definition of ∆q la = q a − q 0 la )
Atomic Forces
The third order contribution to the atomic forces is given by 
(S15) and the symmetry
we derive
The total force acting on one atom in one cartesian coordinate finally reads 6 Additional data 8 
Reference geometries for force equations as calculated from B3LYP/aug-cc-pVTZ 
